Introduction.
Martin [1] derived a new form for the basic equations governing the plane flow of viscous, incompressible, non-conducting fluids. He used this new form of equations to prove the following:
(i) If the streamlines are straight lines, the straight lines must be concurrent or parallel.
(ii) The streamlines can be involutes of a curve only if the curve reduces to a point and the streamlines are circles concentric at this point.
Following Martin's approach, we show that when streamlines ^ = constant and magnetic lines 4> = constant of plane, non-aligned flow of a viscous incompressible fluid of infinite electrical conductivity are taken as the curvilinear coordinate system 0, ^ in the physical plane the fundamental equations governing the flow can be replaced by a new system of equations. In these equations <t>, ^ are the independent variables.
In case of orthogonal flows we prove the following: (i) If the streamlines are straight lines but not parallel, then they must be concurrent.
(ii) If the streamlines are involutes of a curve, then the streamlines are concentric circles.
Finally, we find solutions to vortex and source flow problems. where i'i , v2 are the velocity components, H1 and II2 the components of the magnetic field vector H, p the pressure, p the constant density, jj the constant coefficient of viscosity, /j. the constant magnetic permeability and lc an arbitrary constant.
Throughout this paper, we assume that the streamlines are nowhere parallel to the magnetic lines i.e. k 9^ 0.
On introducing the functions -pV\te ~ ~dy) + Tx = Ty + " Tx \dx + Ty) ~ '
Using (2.1) and the first equation of (2.6), we get
Similiarly, (2.3) gives us t](do>/dx) -pwi'i + pQH! = dh/dy.
The system of five partial differential equations (2.1)-(2.5) may be replaced by the following seven partial differential equations:
14)
The set of equations (2.8)-(2.14) is a system of non-linear partial differential equations in seven dependent variables t>i , v2 , Hi , II2 , w, 0 and h. Although the number of equations and dependent variables has increased by two, the order has decreased from two to one. The first equation of (3.3) and (3.9) require dy/d<t> = (F/y/G) sin /3 -(J/y/G) cos /3. (3.10)
From (3.7), (3.9), (3.10) and the conditions that the second-order mixed derivatives of x and y with respect to 4> and ^ are independent of the order of differentiation, we find that dp/d* = (J/G)y122 , 3/3/3* = (J/G)y"2 , (3.11) where dGd 4>_
Proceeding exactly as Martin [1] , it is found that if E, F, G are given functions of <t> and ty, then (3.1) will serve as planar curvilinear co-ordinate system if and only if
where yu2 and y122 are given by (3.12). From (3.7) and (4.7), we get JH = VG, (4.8)
i.e. J > 0. .10) i.e. J < 0.
From the above two cases, we conclude that the magnetic field acts along the magnetic lines towards higher or lower parameter values ^ accordingly as J is positive or negative. In either case (3.6) requires that WH = VG. = ° <5-8)
in five dependent variables E, F, G, u and 12. If the solutions to these equations are given, we can find h = h{<f>, Sir) from the equations of momentum.
We shall now study two examples in which the curves ^ = constant and the curves <p = constant form an orthogonal curvilinear coordinate system. Example 1. In this example we prescribe the streamlines to be straight lines. We assume that they are not parallel but envelop a curve F. We now take the tangent lines to the curve T, and their orthogonal trajectories, the involutes of T as the system of orthogonal curvilinear coordinates. The square of the element of arc length ds in this orthogonal curvilinear coordinate system is given by ds2 = ds 2 + ds22 , where ds 1 and ds2 are the elements of arc length of the involute and the tangent respectively.
The element of arc length of the involute is [2] ds! = (£ -(t)k da where a denotes the arc length, k the curvature of the curve T and £ is a parameter constant along each involute. Therefore, we have The curve T appears as the curve £ = <j(j)) in the plane of variables £, rj-For the relation (5.19) to hold identically, it must hold on the curve £ = <r(y), and therefore we have [1] </ -0, i.e. k -» . Eq. (5.7), on using (6.9), gives <t>' = rk/V' = A, (6.10)
where A is an arbitrary constant. Using (6.9) and (6.10) in (5.5) and (5.6), we obtain 12 = 0, co --(2k/A). (6.11) Substituting (6.9) and (6.10) in (4.11) and (4.13), we find H = (A/r) and V = (k/A)r (6.12) 
